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Because of this definition, the number of overflows may increase
with an increase in treatment rate as shown in Figure VI-12, Effect
of Storage and Treatment Capacity on Number of Overflow Events. If
the treatment rate is high enough to deplete storage after the first
overflow, then the event is over. When storage is utilized later a
new event starts, and any overflow occurring in this event is consi-
dered separate from the first overflow. Thus, the number of overflow
events was increased from one to two events, even though the treat-
ment rate was increased.

The number of overflow events appears to provide a more meaningful
parameter if the event is defined differently than the definition used
by STORM. The overflows shown in case 2 in Figure VI-12, should be
considered as a single event since they occur so closely together. The
event would then be redefined to be a separate overflow event if there
was a specified length of time between it and the overflows preceding
and following the event.

Determination of a National Precipitation Event Definition

A methodology is presented by which separate precipitation events may
be defined on a national scale. Several valid, but totally different,
alternate approaches will be briefly discussed and evaluated with regard
to each one's usefulness in deriving a national event definition. The
main portion will be devoted to the derivation of a precipitation event
definition for the five test cities. Each city has precipitation
records which are representative of the climatologic region in which it
is located. From the results for each region a national precipitation
event definition will be formulated for the contiguous United States.
Given an event definition the relationsliip between the number of over-
flow events and volume of runoff controlled will be presented.

Meteorologic studies are one approach which may provide a useful
insight into the definition of a national precipitation event. Since
the atmospheric mechanisms for the cooling that creates saturation

are of three types -- cyclonic, orographic, and convective —-- an event
definition could be based upon storm origination (e.g., all
precipitation resulting from one frontal movement would be considered

a single event even if the front became stationary with extended periods
of zero precipitation). This would dictate an event duration range of
from an extended period (i.e., 12 to 72 hours) for a cyclonic storm to a
short ?eriod (i.e., seldom more than one hour) for a convective

storm.'’ This causal concept would not be applicable for even a local
precipitation event definition since localities are subjected to both
cyclonic and convective storms. Even a twofold definition -- one each
for cyclonic and convective origination -- is inappropriate as cyclonic
storms may be divided into frontal and nonfrontal varieties. Over-
shadowing the possibly solvable problem of regionalizing cyclonic and
convective precipitation events is the problem of identifying all future
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storm types in order to determine the number of events. These
difficulties make the envisioned national precipitation event
definition an unattainable entity via this approach.

A second approach to this event definition is a statistical one.

The examination of the probability distribution of storm character—
istics is accomplished first by separating a time-series of point
rainfall observations into events which are statistically independent
by use of the rank correlation coefficient.l18,19 Then, combination
with a significance test allows selection of a limiting time interval
(i.e., a minimum interevent time) between nonzero rainfall pulses,
such that the hypothesis of independence may be rejected with a chosen
level of assurance for nonzero pulses which are closer together. This
time between independent precipitation events has been observed to
follow closely the Weibull distribution.l8,19 Use of this approach
would be applicable for a specific region at best. Extensive studies
would be required to determine the parameters of the Weibull distri-
bution. Furthermore, comprehensive validity of this technique is open
to question as it was developed through studies of convective storms
only in northeastern North America and Tucson, Arizona.l!8, 19

A final approach could be one which established a minimum number of
consecutive dry (i.e., no measurable precipitation) hours that must
precede and follow individual storm events. This rather elementary
concept is probably the best current approach to providing a useable
event definition that can readily be applied on a national scale. This
dry hour or zero precipitation approach is presented next.

In general, the following procedures were utilized to develop the

event definition for each of the study cities. A one year precipitation
record that approximates the average rainfall distribution was obtained
for each city. Precipitation events were tabulated by varying the
number of zero rainfall hours necessary to divide two separate events.

A "minimum interevent time" is defined as the minimum number of
consecutive zero precipitation hours which must occur between two
separate storm events. By varying the "minimum interevent time" the
number of separate storm events generated is tabulated. The results
are’' shown in Figure VI-13, Effect of Minimum Interevent Time on the
Annual Number of Storm Events. Based on a qualitative analysis, a value
of 12 hours is chosen for the national precipitation event definition.
Using this event definition and the results of the STORM analysis,

one can derive the relationship between percent runoff control and
number of overflow events per year. The results, shown in Figure VI-14,
Relationship Between Percent Runoff Control and Annual Number of Over-
flow Events, can be used to transform the final estimates to a base of
events per year. The no-first-flush isoquant parameters can be used

to estimate the level of runoff control.
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OVERALL COST ASSESSMENT

Overall Results

General results thus far are summarized in Table VI-12, General Information,
Table VI-13, Land Use by Type of Use, Table VI-14, Land Use and Population
by Type of Sewerage System, Table VI-15, Quantity and Quality of Sewage
and Stormwater Runoff, and Table VI-16, Annual Control Costs per Unit of
Developed Urban Area.

The only remaining problem is to estimate the nation-wide costs for 25, 50,
75, and 85 percent control. As a first approximation, assume that an overall
25 percent control level is achieved by 25 percent control on the combined
(Al), storm (A,) and unsewered (A,) areas at annual unit costs ($ per acre)
of Cl’ CZ’ and C3, respectively. “Thus, the approximate total annual costs,
TAC, are

(TAC)25 = (Cl)ZSAl + (C2)25A + (C3)25 3 (VI-21)
From Tables VI~14 and VI-16, we obtain
(TAC) 5 = 47(2.248 x 10°) + 32(5.987) x 10%) + 8(7.393 x 10°)
= $356.4 x 10°/hr.
Likewise,
(TAC) . = $1,065 x 10° | (vi-22)
(TAC) = $3,210 x 105
(TAC) 5 = $5,029 x 10°.
Recall that the cost of wet-weather control using secondary facilities is
z% = ke 1 (VI-24)
where Zg = annual cost for optimal solution, dollars per acre,
k,B = constants, and
R, = percent BOD removal (0 j_Rl < 85).

The cost of wet weather control in terms of pounds of pollutant removed, w,
is

B (100) Gp)

Zg = ke (VI"ZS)

where w = pollutant removal, lbs/acre-yr, and

M = pollutants available, lbs/acre-yr.
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Table VI-12.

GENERAL INFORMATION

Total Urbanized Area

Total Population

Average Population Density

Average Precipitation

149.366 x 106 persons

29.037 x lO6 ac (11.751 x 106 ha)

5.14 persons/acre (12.7 persons/ha)

33.4 inches/year (84.8 cm/year)

Table VI-13. ©LAND USE BY TYPE OF USE
Use 106 Acres (ha)
Undeveloped 13.409 ( 5.426)
Residential 9.120 ( 3.691)
Commercial 1.337 ( 0.541)
Industrial 2.324 ( 0.941)
Other 2.847 ( 1.152)
Total 29.037

(11.751)

Table VI-14. LAND USE AND POPULATION BY TYPE OF SEWERAGE SYSTEM

Developed
Population

Density

6 6 Persons/

10" Acres (ha) 10~ Persons Acre (ha)

Undeveloped 13.409 ( 5.426) 0 0

Combined 2.248 ( 0.910) 37.606 16.7 (41.3)
Storm 5.987 ( 2.423) 77.853 13.0 (32.1)
Unsewered 7.393 ( 2.992) 33.906 4.6 (11.4)
29.037 (11.751) 149.366 9.6 (23.7)
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The marginal cost of BOD removal is

a7 1008 w

1 k '
—= - og 8k M (VI-26)

Given these convex cost functions, the optimal mix of control of storm
runoff from combined,storm and unsewered areas is found by equating
marginal costs. Using equation VI-26 with the subscript (1) denoting
combined, (2) denoting storm,and (3) denoting unsewered, yields

100 8w, 100 8,w,
100 kg TG 100 gk T
E K (VI-27)
100 8w,
_ 100 By T
Ms

If marginal costs for, say, 50% BOD removal are compared, one obtains

_ 100(0.048) (14.05 o100(0.048) (0.5)

MC, =
1 136.6 (VI-28)
= $5.44/1b BOD ($11.99/ke BOD)
Mc. = 100(0.043) (10.82) 100(0.043) (0.5)
Cy = 30.5 e '
(VI-29)
= $13.10/1b BOD ($28.85/kg BOD)
Me, = +0000.038)(3.31) _100(0.038) (0.5)
37 25.9 €
(VI-30)

$3.25/1b BOD ($7,15/kg BOD)

I

This result indicates that, to achieve 50 percent control, storm sewered
areas should be controlled less intensively due to their relatively

high marginal costs and unsewered areas should be controlled more
intensively because of their relatively low marginal cost.

The correct solution can be found by solving for Wy and Wy as functions

of w i.e.
2) s

V1T %12 TPy O<w
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Wy = a + b32w2 0 <w, <.85 M3 (Vi-32)

32 3
Ml B k M
where a5 = 700 5 ) In [(G= l)(*z)(*;?]
M3 62 k M

335 = 100 &6 5, in [(——9(—~9(—~0]

B, M
2 1
b., = 7))
12 Bl M2
B, M
2 3
b, = (GO
32 83 M2
Ml’ M29 M39 Bls 62, 83’ kl’ k2, k3, Wl, Wz, W3 are as

defined earlier.

The total wet-weather pollution load, WP (pounds/year), is

3
WP = I MA, (VI-33)
. i
i=1 :
.th
where Mi = annual pounds per acre from i area, and
Ai = area of ith area, acres.

Let p denote the proportion of WP that one wishes to control. Then, the
optimal removal, wg, for a given p is found by substituting equations

VI-31 and ¥I-32 into VI~33, or

o (WP) = WlAl +wh, + WA, (VI-34)

p(WP) = (alZ 12WZ)Al + w,A

289
| (VI-35)
+ (agy + by,wy)A,
o = p(WP) ~ aj,A) = agyA, VI-36)
27 Th A T Ay v B A

where wg = optimal annual pounds per acre removed from

the ith gource area.

Knowing w%, one can find w* and w% by substituting into equati _
“and VI-32° 1 3 g quations VI-31
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The optimal percent control of the ith source for control level

» b5 in
terms of wi is

lOO(w?)p
®RYp = —r 0 5_(R§)p < 85 (VI-37)
1

The optimal percent control for 25, 50, 75, and 85 percent is shown in
Table VI~17, Optimal Percent Control For Specified Overall Percent
Control. Knowing (R.) , one can find the cost per acre by simply
substituting into equation VI-24, i.e.,

1

Zg = ke (VI-38)

to obtain the optimal annual cost per acre as shown in Table VI-18, Optimal
Annual Cost per Acre for Specified Percent Control. Thus, the optimal annual
control costs are shown in Table VI-19, Optimal Annual Control Costs. These
costs are approximately 12 percent less than the approximate values reported
earlier for 25, 50, and 75 percent control, i.e. equations VI-21 and VI-22.

Tertiary Treatment vs Wet-Weather-Treatment

The optimal mix of tertiary treatment and wet-weather control can be
found by equating the marginal cost of tertiary treatment with the
marginal cost of wet-weather pollution control. The estimated total
annual incremental cost of a tertiary treatment plant is:20

Cpopy = 87,000 00787 (VI-39)
where Ctert = total annual incremental cost of tertiary
treatment plant, dollars per year, and
D = plant size, mgd.
Assume a 25 mgd plant. Then, C = $1,096,000 per year. The plant

is assumed to increase the BOD femoval from 85 percent to 95 percent
or about 0.017 pounds (7.71 g) per capita-day or 1,550,000 pounds
(704,000 kg) per year for the city of 250,000 people. Thus, the

unit cost of tertiary treatment, Crart® is $0.71 per pound ($1.55 per
kg) of BOD removed.
Equating the marginal cost of wet weather control to the unit cost of
tertiary treatment yields

1008 w
_ 1008 k e M

Ctert M (VI-40)
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or

' c (M)
M ¢ tert '
= ; VIi-41
" = Toog ' 'Toog @) (VI-41)
where w* = optimal pounds of wet-weather pollutidn to control
prior to using tertiary treatment,:pounds/acre—yr.
The optimal percent‘cOntrol‘in‘terms of‘leis
o e, (D)
- 1 . Ttert _
R{ = max (5 1n [Iaagfziy], 0). (VI-42)
The overall average BOD,loading per acré, ﬁ'(pounds[acre-yr), is
‘ , - 6
g AWP - 6.81 x 106 ’ , (VI=43)
, tot 15.63 x 10 :
M = 43.6 1b BOD/ac—yr (34;0 kg BOD/ha-yr)
where Atot = total developed area in US, acrés.»
The overall cost function for the US is Z = 5.37e . Thus,
| 1 0.71(43.6)
* = m 4 ' . -
RY = max [57647 1 100(0.047) (5.37)° O (VI-44)
% = . coi ‘
R1 4.3%

Thus, for these assumed conditions, approximately -4 percent of the wet~
‘weather pollution should be controlled prior to initiating tertiary
treatment. While these results are for one specific set of assumptions,
they do suggest that it is highly desirable to do this tradeoff analysis
before committing a community to tertiary treatment.

Potential Savings Due to Multipurpose Planning

The cost of wet-weather quality control can be reduced by integrating
this purpose with dry-weather sewage treatment plants and/or storage

facilities for stormwater quantity control. Therefore, it has been
suggested that flow equalization be considered as an alternative to
conventional design.?! The storage volume needed for dry-weather
flow equalization is estimated to be 10 to 20 percent of the average
dry-weather flow.2? Integration of wet-weather quality control with
dry-weather control affords the opportunity for equalization of dry-
weather flow since the wet-weather quality, in general, must be
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accomplished through a combination of storage and treatment. There-
fore, if a sewage treatment facility is designed on the basis of peak
flow, equalization would result in some excess capacity at this facility
Utilization of this excess capacity can reduce the treatment capacity
needed for wet-weather quality control.

Wet-weather quantity control can be accomplished through storage.
Utilization of this storage for accomplishing wet-weather quality con-
trol can reduce the storage and treatment requirements for wet-weather
quality control. A rough estimate of the potential savings by inte-
grating these three purposes can be made as follows.

Let D denote actual sewage flow, mgd, and E~ equal excess capacity
through equalization, mgd. Then, using cost data presented by Hasan, 20

Zi = cost of dry-weather control at a secondary plant,
' dollars per year .

= amortized capital costs and annual O & M costs

118,000(0 + E)%*77 + 55,000 p?-83. (VI~45)

Assuming D = 10 mgd, E* = 10 mgd and a per capita sewage flow of 100

gallons per day, computing Zl and dividing by area A = D(mgd)/lO'4PDd
gives

Zl = 15.6 PDd (VI-46)
where Zl = annual cost of dry-weather quality control,
dollars per acre, and
PDd = developed population density, persons per acre.
Also,
22 = annual cost of wet-weather quality control,

dollars per acre

—KS*
)

e 1, ‘ (VI-47)

= * -
CSS + cT[Tl + (T2 'T

where all terms are as defined earlier,

and
23 = annual cost of wet-weather quantity control,
dollars per acre,
= CSV’ (VI-—48)
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where v =

CR” =

i =

storage volume required for wet-weather quantity
control, inches,

CR”(i), with

runoff coefficient in developed state minus runoff
coefficient in undeveloped state, and

24-hour rainfall for design freqﬁency, inches.

If dry-weather quality control and weteweather quality control are

integrated, then

Z1g =

where E =

joint annual cost of two purposes, dollars
per acre,

15.6 PDd + cEE + cSS* (VI-49)

-KS*

+ CI[ Tl -E + (T2 - T ]

e

excess capacity per total area, inches per
hour = 1.535 x 10~4PD, assuming E* = 10 mgd
generated using 100 gal/capita-day and
converting from mgd to ac-in./hr; and

annual cost of treating E at dry-weather
plant,

$1,960 per acre—inéh/hour (assumed usiﬁg
$3,000 per mgd from analysis of treatment
costs).

1f wet-weather quality control is integrated with wet-weather quantity

control, then

293 =

]

where S#

joint annual cost of two purposes, dollars per
acre,

_Ks*z
cSS§ + cT[Tl + (T2 - Tl)e ] (VI-50)
1 °r
max (V, Efln [E;-K(Tz - Tl)J, 0). (VI-51)

It is assumed that dry-weather control cannot be integrated with wet-
weather quantity control. Therefore,
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213 = joint annual cost of two purposes, dollars per
acre,
= VI-52
Z; + Z4 ( )
= 15.6 PD, + c,V. (VI-53)

d S

If all three purposes are integrated, then

Z = 15.6 PD, + ¢ _E + cSS*

123 d " CE 2
(VI-54)
~KS%

+ cT[ Tl - E + (T2 - Tl)e 1.

To determine the potential savings in wet-weather quality control due to
integrating this purpose with the other two purposes, it is first neces-—
sary to apportion the total cost among the three purposes. For cost
allocation, the use of facility method, most commonly applied in the
wastewater field, cannot be applied in this case because there is no sin-~
gle facility utilization parameter that is common to all three purposes.
Hasan has demonstrated that the alternative cost method is appropriate
for cost allocation.20 Briefly, the alternative cost method assigns
each purpose its separable cost plus a portion of the joint or non-
separable cost on the basis of alternative cost. These costs are defined
as follows:

SCi = separable cost to purpose i

= cost of the total project minus cost of the project
with purpose i excluded, and

NSC = non-separable cost

= total project cost minus sum of the separable costs
to all purposes.

Then,
¢, = SC, + Y, (NSC) (VI-55)
i i i i
where ¢i = cost allocation to purpose i, and
Y; < fraction of the non-separable cost assigned to i.

In light of the above discussion, the cost assigned to stormwater quality
control, 9,5 (purpose 2) is as follows:

b, = SC, + Y,(NSC) (VI-56)

2
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where SC2 = 2123 - 213 (VI-57)

3
NSC = Zyp3 = E 5G4 (VI-58)
i=1
= le + 213 + 223 - 22123, and
Z, - SC ~
- 2 2 -
¥, = 3 (VI-59)
(Z, +2,+2,) - ISC,
i=1
] 2y = (2193 = Z13)
(@) + 2y +29) = (23 = 2y9) + (2195 = 293) ¥ (25 = Z9))]
| (VI-60)
Then, the potential savings are 22 - ¢2.

The above procedure was used to derive Figure VI-15, Cost Allocation Factors
for Five Cities, for the two year storm. The sensitivity analysis
reflecting the variations in cost allocation relationship for various
frequency storms for region III is presented in Figure VI-16, Effect of
Design Storm and Number of Purposes on Cost Allocation Factor for Various
Levels of Control. Based on the results in Figure VI-15, the following

cost allocation proportions can be used for all urbanized areas.

Z Pollutant Control Cost Allo?§F§on Factor, ¢2/Z2
25 0.46 '
50 ¢.50
75 0.70
85 | 0.80

Potential Savings Using Best Management Practices

In addition to using storage-treatment devices to control wet-weather pol-
lution, other options, popularly called best management practices (BMP's),
are available. In a related study, Heaney and Nix evaluated the savings in
control costs if BMP's are used in conjunction with storage-treatment.?"

The procedure was applied to Anytown, U.S.A., a hypothetical city of one
million people whose characteristics were determined based on average values
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derived in this study. The results, shown in Table VI-20, Comparison of
Annual Cost of Optimal Control Strategy for Anytown, U.S.A. Using Storage-
Treatment Alone and in Combination with Best Management Practices, indicate
significant savings could be realized by using BMP's in conjunction with
storage-treatment devices. These results can be incorporated into the final
assessment by multiplying the storage-treatment costs by the % savings shown
below.

% Pollutant Control % Savings Using BMP's

25 54
50 37
75 37
85 39

SUMMARY

The purpose of this assessment is to evaluate the cost of controllin
varying levels of wet-weather pollution, emanating from the 149 x lOé
people living in urban areas in the United States. Reliable procedures
for assessing stormwater pollution are not yet available. Thus, a con-
siderable amount of developmental effort was expended in devising such
procedures. Major results are presented, by item, in the next paragraphs.

1. Total Single Purpose Control Costs

Relatively detailed studies in five cities provided
the basis for evaluating storage-treatment alter-
natives for wet-weather control. One year of hourly
data was simulated to predict the performance

of various storage~treatment configurations.

These results were put in analytical form to

expedite extrapolation to the other 243 urban-

ized areas and other urban areas. These

results are combined with data on the cost of

storage and treatment to derive the optimal

mix of storage and treatment to use to obtain

a given level of control. The final result is

shown in Figure VI-17, Storm Water Pollution Control
Costs for the United States. A striking feature

of curve A is that it bends upward (convex) indicating
increasing incremental costs (particularly at higher
levels of control). The primary reason the curve has
this shape is due to the disproportionately larger
amounts of storage and treatment required to control
the larger storms.
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$ x 10°

TOTAL ANNUAL COST, Z
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ONLY
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SINGLE PURPOSE : STORAGE-TREATMENT

AND BEST MANAGEMENT PRACTICES

SINGLE PURPOSE : STORAGE - TREATMENT
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SEWERED AREAS
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5.

Total Multiple Purpose Control Costs

Significant savings can be realized if one
integrates dry and wet-weather treatment and
storage for quality as well as quantity control.
Curve B in Figure VI-17 indicates the cost

of stormwater quality control in an integrated sys-—
tem. This result suggests that the potential
savings are significant enough to warrant further
study in evaluating stormwater systems.

Total Costs of Storage-Treatment and Best Management
Practices

Potentially significant savings can be achieved by
including best management practices (BMP's) in the analy-
sis (curve C). Street sweeping in areas with relatively
high pollutant loading rates and sewer flushing where
heavy deposition occurs in combined sewers appear to

be especially promising.as options to storage-treatment.
Furthermore, a significant portion of the costs of

BMP's could be allocated to other purposes.

Tertiary Treatment vs Stormwater Quality Management

A comparison of the marginal costs of tertiary
treatment of sewage for further BOD control with
initiating control of wet-weather quality indicates
that one should initiate some level of wet-weather
quality control prior to using tertiary treatment.

Of course, a different result would occur if nutrient
control is used instead of BOD control. Nevertheless,
the relatively low marginal costs of wet-weather con-
trol at low levels of control indicate that it should
be given serious consideration as an alternative to
tertiary treatment.

Comparison of Control Costs with Other Studies

Previous studies have indicated that stormwater control
is quite expensive. Table VI-21, Control Costs Reported
in Other Studies indicates that the 1974 Needs Survey

estimated total control costs as $266 billion whereas the
more recent National Commission on Water Quality estimate
is $278.6 x 109.25° 2% Thig assessment indicates initial
capital costs ranging from 2.5 billion for 25 percent con-
trol to 41.9 billion for 85 percent pollutant control, a
small fraction of the above estimates. Two reasons why
the estimates vary by such a large amount are discussed
below.
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Table VI-21. CONTROL COSTS REPORTED IN OTHER STUDIES

Capital
Cost Cost:9
Study Item $ x 10
1974 Needs Survey Combined 31.1
Sewers?
Stormb 235.0
Sewers
Total 266.1
National Commission Combined 79.6
on Water Quality® Sewersd,e
Storm 199.0
Sewersd,f
Total 278.6

8States developed estimates using various assumptions regarding design storm,
unit costs, etc.

Estimate includes collection sewer costs.
cSource: Staff Report to the National Commission on Water Quality, Washing-
ton, D.C., U.S.G.P.0., 1976.

Used 2 year, 1 hour design storm.

Cost based on disinfection and in-line and off-line storage with primary
treatment in effluent limited receiving waters and secondary treatment in
water quality limited receiving waters.

Cost based on removal of sediment, bacteria, and associated pollutants.
Includes stormwater collection system costs equal to $84 x 109.
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Collection System Costs -

The NCWQ estimate includes $84 x 109 for
constructing storm sewers. This study did not
view storm sewers as chargeable to. pollution
control,

Choice of a Design Storm -

The NCWQ studies used control of the two year,
one hour storm as the basis for their mean esti-
mate of control costs. The concept of a design
storm was not used because it was felt that a
continuous characterization in terms of percent
of the runoff which could be treated (or events
per year) was more appropriate since no accepted
design event condition exists which also speci-
fies a design antecedent dry-weather period.
Also, sizing storm water quality control units
to treat runoff from storm intensities associ-
ated with less frequent events, e.g., two

year - one hour storm, requires relatively

large treatment and storage capacities.

Using 25 years of hourly rainfall data for
San Francisco, CA, and Atlanta, GA, the
relationship between percent of precipi~
tation "treated" and the design storm was
determined. Figure VI-18, Percent of Total
Precipitation Volume vs Rainfall Intensity -
Atlanta, GA (1948-1972), indicates the per—
centage of total volume less than or equal

to a given value. For example, approximately
65 percent . of the total precipitation volume
occurs from rainfall rates of 0.30 inch per
hour (0.76 cm/hour) or less. Thus, a treat-—
ment unit of this capacity could treat the
entire precipitation during those hours. It
could also treat a portion of the remaining
more intense storms. The additional volume
treated equals the number of hours during
which the precipitation was greater than
the indicated treatment rate times the
treatment. From Figure VI-19, Percent of
Total Precipitation Hours vs Rainfall Inten-
sity — Atlanta, GA (1948-1972), approximately
five percent - of the rainfall hours exceed 0.30
inch per hour (0.76 cm/hour). The average
precipitation in Atlanta is 47.1 inches per
year (120 cm/year) occurring during an average

259



(TL6T-8%6T) VO ‘eueTly ~ £31suajug TIBIUTRY SA SumTop UoT3e3TdIO91g TejOol JoO Juediag gT-IA °an8Tg

A4/ul “ALISNILNI TIVANIVY

2 12 8l o PA 6°0 90 €0 0
N ] 3 i " N 1 N 2 1 1 " 1 " i 1 - N " i 4 . O
02
-0t
09
(4K/w2 021)IK/u) |°2p = NOILYLIIDINY
08
L] L R} 1] | § | oo_
09 oS O'b 0'¢ 02 0l 0

y/wo

JNNTIOA NOILVLIdIOFYd LIN3IDH3Id TIVHIAO

260



(ZL6T1-8%6T) VO ‘eviueTly - AITsusiul TIRIJUTRY 84 Sanoy uorlelrdiowag Telo0l JO JU9dIag - "GT-IA 92an81g

/U CALISNILNI TIVANIVY

& 12 N S AT 90 €0 0, ®

‘ N 2 I Y A Iy i 5 A Iy 2 ] A Py A 1 8 . 3

‘ , , g

fe )

"

Z

IL

0z

g 9

>

L

,yo¢ M

m

Q

2

l..m

4K/ uoijpyidioasrd 0 sinoy J¢€G 09 W_

o

>

Ou

O

rog 9

=2

4

L. m

Nr

O

; L m

T T T - e ¥ OO_S
09 (OB Ov C¢e 0e o

| . oo g W B

261



of 537 hours per year. Thus, the additional
percent volume treated during intensities
greater than 0.30 inch per hour (0.76 cm/hour)
is 100[0.05(0.30 in./hr) (537 hrkr)/47.1 in./yr],
or 17.1 percent.

Thus, the total percent of volume treated
with a unit capable of handling precipitation
of 0.30 inch per hour (0.76 cm/hour) is about
65 + 17 = 82 percent. In general, to find
percent treated use:

PT = FB + (100 - FC)(IT)(N )/P

TOTAL

where PT = annual overall percent of
precipitation treated,

IR = rainfall intensity, in./hr,

IT = design treatment rate, in./hr,
FB = percent volume for all IR f.IT’
FC = percent of total rain-

fall hours with IR E_IT,

= £ i
NTOTAL total number of rainfall
hours per year, and
P = average annual precipi-

tation, in./yr.

Note that the result is conservative (the
estimate of PT is slightly low) since the
frequency analysis has been performed using
precipitation volumes and hours rather than
runoff volumes and hours. This was done to
insure comparison with the NCWQ study in
which only precipitation frequencies are
reported.

The general results for Atlanta, GA, are shown
in Figure VI-20, Overall Percent Precipitation
Control vs Rainfall Intensity - Atlanta, GA
(1948-1972). Also shown on Figure VI-20 are
the intensities for storms ranging in frequency
from two weeks to 25 years. Treating at the
intensity equal to the two week storm would
process over 80 percent of the rainfall volume.
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Frequencies larger than a month or two ap-
proach total capture of the volume. These
results indicate that for the NCWQ study,
virtually all of the volume would be processed
with a control unit operating at an intensity
associated with the two year - one hour storm.
However, one could control nearly as much
precipitation by using a much smaller size con-~
trol unit. Alternatively, the marginal gain
from using these much larger units is quite
small. For comparative results, the same

three figures were generated using 25 years of
hourly data for San Francisco. The results
are presented in Figure VI-21, Percent of Total
Precipitation Volume vs Rainfall Intensity -
San Francisco, CA (1948-1972), Figure VIi-22,
Percent of Total Precipitation Hours vs Rainfall
Intensity - San Francisco, CA (1948-1972), and
Figure VI-23, Overall Percent Precipitation
Control vs Rainfall Intensity - San Francisco,
CA (1948-1972).

Only the future will tell which, if any, of the above cost estimating pro-
cedures will provide the most accurate estimate of national control costs.
Within the severe data gathering limitations imposed by a national estimate,
this study has attempted to make the results as site specific as possible.
Improved estimates for a specified city can be obtained using local data.

In particular topographic information and knowledge of the number of outfalls
permits inclusion of pumping costs and analysis of the optimal combination
of control units and interceptor sewers. The interested reader can use a
more compact summary of this assessment procedure presented in a report by
Heaney, Huber, and Nix to obtain a preliminary estimate for his city or
cities.
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ABBREVIATIONS AND SYMBOLS

BOD

BOD

Ctert

CR

CR~

Coefficient, inches per hour
Catchment or sewerage area, acres
Combined sewered area, acres
Storm sewered érea, acres
Unsewered area, acres

Total developed area, acres
Annual runoff, inches per year
Coefficient, inches per hour
Biochemical oxygen demand
Five-day biochemical oxygen demand
Coefficient, percent

1

Coefficient, percent R

Unit treatment cost for excess capacity, annual dollars per
acre-inch/hour

Unit incremental cost of tertiary treatment, annual dollars
per pound

Unit cost of storage, annual dollars per acre-inch

Unit cost of treatment, annual dollars per acre—inch/hour

Unamortized capital cost, dollars, alsc annual unit costs,
dollars per acre

Total annual incremental cost of tertiary treatment plant,
dollars

Gross runoff coefficient

Net runoff coefficient = developed runoff coefficient minus
undeveloped runoff coefficient

Coefficient, :'anbf'l
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Eﬂ

ENR
n
f

f(Rl;S,T)

mg

mgd

Actual sewage flow, mgd
Excess capacity at sewage treatment plant, mgd

Excess capacity at sewage treatment plant per total area,
inches per hour

Engineering NewsRecord Cost Index

Treatment plant efficiency

Coefficient, percent R

Production function relating percent pollutant control (R ) to

storage (8) and treatment (T)

Percent of annual precipitation volume for which IR-i IT

Percent of total annual precipitation hours for which IR

Coefficient
Fraction of non-separable cost assigned to purpose i1

Coefficient

24—hour ralnfall for des1gn frequency, 1nches

Percent imperviousness

“'Rainfall intensity, inches per hour

Design treetment rate, inches per‘hour
Coefficient |

Coefficient

Coefficient

kPipe length .

Urban land use

Million gallons

‘Million gallons per day

Annual pollutant loading, pounds per acre—year,
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M Average annual pollutant loading, pounds per acre-year
- MC Marginal cost of pollutant removal, annual dollars per pound
MRSST Marginal rate of substitution of stdrage for treatment
NSC Non-separable cost, annual dollars per acre
NTOTAL Total number of precipitation hours per year
OE Number of overflow events per year
) Coefficient
P Annual precipitation, inches per year
PD Gross population density, pefsons per acre
PDd Population density in developed portion of urban area,
persons per acre
P Annual overall percent of pPrecipitation control (treated)
@i Annual cost assigned to purpose i, dollars per year
4 Coefficient
R Percent runoff control = percent of annual runoff volume
passing through treatment unit
Rl Percent pollutant control (removal)
?1 Maximum percent pollutant control (removal)
E? Optimal percent pollutamt control prior to using tertiary
treatment
o Fraction of total wet-weather pollution load controlled
(removed)
3 Coefficient
3 Storage volume, inches
S% Optimal storage volume for wet-weather pollution control, inches
85 Maximum of S* or V, inches
SCi Separable cost assigned to purpose i, annual dollars per acre
838 Suspended solids
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T*

wk

Treatment rate, inches per hour

Optimal treatment rate for wet-weather pollutlon control
inches per hour ~

Treatment rate at which isoquant is parallel to the ordinate,

1nches per hour

Treatment rate at whlch isoquant intersects the abscissa,
inches per hour

Total annual costs, dollars per year
Coefficient

Volume of storage required for wet-weather quantity control,
inches

Pollutant removal, pounds per acre-year

Pollutant removal from type of sewered area i, pounds per
acre-year

Optimal pollutant removal from type of sewered area i,
pounds per acre-year - ,

Optimal annual pounds per acre of wet-weather pollutants to
control (remove) prior to using tertlary treatment, pounds
per acre-year

Total annual wet-weather pollutlon load from developed
urbanized area, pounds per year -

Coefficient

Coefficient

Total annual cost, dollars per acre

Optimal total annual cost, dollars per acrei

Annual cost for primary control unit, dollars per acre
Annual cost for secondary control unit, dollars per acre

Annual cost of dry-weather quality control, dollars

Annual cost of dry-weather quality control, dollars per acre
Annual cost of wet-weather quality controly ‘dollars per acre

Annual cost of wet-weather quantity control; ‘dollars per acre
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12

13

23

123

Annual cost of dry-weather quality and wet-weather quality
control, dollars per acre

Annual cost of dry-weather quality control and wet-weather
quantity control, dollars per acre

Annual cost of wet-weather quantity and quality control,
dollars per acre

Annual cost of dry-weather quality, wet-weather quality, and
wet-weather quantity control, dollars per acre
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